Patients with large spontaneous splenorenal shunts (SRSs) prove challenging during liver transplantation (LT), regardless of organizing portal vein (PV) thrombosis. Here, we detail the clinical outcomes of 26 patients who underwent direct ligation of large SRSs during LT. Direct ligation of large SRS was applied in poor portal flow during LT. We performed temporary test clamping of the SRS before direct ligation and applied PV pressure monitoring in patients who showed signs of portal hypertension, such as bowel edema. We retrospectively reviewed and evaluated their clinical outcomes. Among 843 patients who underwent LT between 2010 and 2015, 26 (3.1%) underwent direct ligation of SRS without any intraoperative event. Mean preoperative Model for EndStage Liver Disease score was 16.7 6 9.0. The main PV diameter on preoperative computed tomography was 8.3 6 3.4 mm (range, 3.0-14.0 mm). SRS was easily identified at just below the distal pancreas and beside the inferior mesenteric vein in all patients. Accompanying PV thrombectomy was done in 42.3% of patients. Among 26 patients, massive and prolonged ascites was evident in 15.4% (n 5 4) postoperatively. They were all living donor LT recipients with a small PV diameter (4.0-6.7 mm). Except for 1 patient who underwent splenic artery embolization, ascites was tolerable and well controlled by conservative management. There was a 7.7% rate of major complications related to direct ligation, including reoperation due to combined ligation of SRS along with a left renal vein at the confluence. Except for 1 hospital mortality due to sepsis, 25 patients (96.2%) are alive with no evidence of further PV complications. In conclusion, direct ligation of large SRS during LT is a safe and feasible method to overcome the effects of a large SRS.
In orthotopic liver transplantation (LT), adequate portal venous flow is critical for graft survival and function. (1, 2) Portal inflow to the graft partly depends on the patency of the portomesenteric venous system, the diameter of the native portal vein (PV), and the presence of portosystemic shunts. (3) Spontaneous splenorenal shunts (SRSs) are present in 20%-35% of LT candidates. (3) (4) (5) After LT, the SRS may occlude spontaneously. However, a large SRS (diameter > 10 mm) may persist, and this may steal portal flow and cause PV thrombus, hepatic encephalopathy, and graft dysfunction. (6, 7) Large SRSs are challenging at LT, regardless of the organizing thrombus in the main PV. PV thrombectomy is not enough to overcome this situation because of poor portal flow. There are several methods to increase portal flow in cases of large SRSs, including left renal vein (RV) ligation, (1, 3, (8) (9) (10) (11) (12) (13) splenectomy, (9) and renoportal anastomosis. (3, (14) (15) (16) (17) However, direct ligation of a large SRS is not widely used in clinical situations because it can be technically difficult and even dangerous. (13, 18) We have preferentially used direct ligation of large SRSs without splenectomy during LT, and we report on the outcomes of 26 patients.
Abbreviations: CT, computed tomography; IMV, inferior mesenteric vein; INR, international normalized ratio; LT, liver transplantation; PT, prothrombin time; PV, portal vein; RV, renal vein; SMV, superior mesenteric vein; SPV, splenic vein; SRS, splenorenal shunt; SV, splenic vein.
Patients and Methods
From January 2010 to December 2015, 843 adult patients who underwent LT at Seoul National University Hospital were retrospectively reviewed. Among them, 26 (3.9%) patients with a large SRS who received direct ligation of the large SRS during LT were included in the present study. A large SRS was defined as a venous communication between the splenic vein (SV) and RV with the largest diameter >10 mm based on preoperative diagnostic imaging including a 3-dimensional computed tomography (CT) scan. This study was approved by the institutional review board of Seoul National University Hospital. Figure 1 shows the algorithm for a large SRS on preoperative CT in our institution. Per our strategy, if the portal flow was hepatofugal on preoperative Doppler ultrasound or weak on visual inspection during LT, we ligated the SRS regardless of the size. A SRS was identified and isolated at just below the distal pancreas and beside the inferior mesenteric vein (IMV). SRS isolation was done before removal of the recipient's liver. Test clamping of SRS was done to optimize PV flow before complete or partial SRS ligation, with or without PV pressure monitoring. After total hepatectomy, if the diameter of the PV was small, we performed an angioplasty of the PV (Fig. 2) . We compared the amount of the portal flow from the end of the PV of the recipient during declamping and clamping of the SRS using a vascular clamp. When there was a marked increase of PV flow after test clamping of the SRS, based on visual inspection, we performed ligation of the SRS after biliary reconstruction.
In the case of a positive sign of portal hypertension, such as bowel edema or spotty hemorrhage in the bowel after test clamping of the SRS, we performed partial or complete ligation with a pressure difference between pre-and post-SRS ligation of within 8 mm Hg, under PV pressure monitoring via the IMV (Fig.  3A-D) . The eversion technique was used for PV thrombectomy, if indicated.
All patients routinely underwent 3-dimensional CT and color Doppler ultrasound before and after LT to assess the changes of collaterals and portal flow (Fig. 4) . Color Doppler ultrasound was intraoperatively used for comparison of PV flow before and after ligation of SRS. After postoperative day 7, ascites control was done via Jackson-Pratt drains or diuretics, if necessary. Massive and prolonged ascites was defined as drainage 1000 mL per day over postoperative day 10. The latest follow-up data were recorded by October 31, 2016.
Statistical analyses were performed using SPSS, version 21.0 (SPSS Inc., Chicago, IL). Continuous data are presented as the mean 6 standard deviation or medians, and categorical parameters as n (%).
Results
The preoperative demographic data are shown in Preoperative encephalopathy was presented in 30.8%. Living donor and deceased donor LT recipients comprised 18 (69.2%) patients and 8 (30.8%) patients. Grafts were obtained from the right hemiliver (69.2%) or whole liver (30.8%). Mean graft-to-recipient weight ratio was 1.2% 6 0.4% (0.7%-2.2%).
Among 26 patients with large spontaneous SRS, 11 (42.3%) showed preexisting PV thrombosis and underwent PV thrombectomy. Mean diameter of largest main PV on preoperative 3-dimensional CT was Among the 26 patients, 22 (84.6%) underwent complete ligation of SRS and 4 (15.4%) underwent partial ligation. PV pressure monitoring via IMV was performed in 3 (11.5%) patients because of prominent bowel edema after test clamping of SRS.
Among the 26 patients, massive and prolonged ascites was present in 4 (15.4%) patients (Table 2) . They were all living donor LT recipients with a small diameter PV (4.0-6.7 mm). Three did not have pre-LT ascites. One patient underwent splenic artery embolization due to uncontrolled massive and prolonged ascites; the ascites in the other patients was tolerable and well controlled by conservative management like diuretics. The patient who underwent splenic artery embolization was the third SRS ligation patient treated in the early phase. With the case experience, we thereafter routinely performed test clamping before and after ligation of SRS. Temporary test clamping with or without PV pressure monitoring was done for complete or partial ligation of the SRS. Additionally, we applied splenic artery ligation in the instance of weak flow of the hepatic artery after partial test clamping of the SRS. In other patients, we performed an accompanying ligation of the large gastric varix in instances of weak flow of the PV even after a total test clamping of the SRS. After we began applying test clamping, there were no major complications related to portal hypertension after LT.
No patients presented with liver dysfunction or primary nonfunction after LT. During follow-up, PV NOTE: Data are given as n (%) the mean 6 standard deviation (range). *Right hemiliver in all cases.
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patency and portal flow were satisfactory and adequate. There were 2 (7.7%) major complications (ClavienDindo classification grade IIIa) (19) related to the direct ligation. Both were an embolization of the splenic artery after LT due to uncontrolled massive ascites and a reoperation due to combined ligation of the SRS along with a left RV. One hospital mortality due to sepsis occurred. Currently, 25 of the 26 (96.2%) patients are alive with no evidence of further PV complications. Two patients developed abnormal liver function due to recurrent hepatitis C virus infection (n 5 1) and biliary complication (n 5 1). The remaining 23 (88.5%) patients showed favorable outcomes with normal liver function until last follow-up, with a median follow-up of 36 months.
Discussion
In an advanced stage of portal hypertension for patients with cirrhosis, spontaneous diversion of portal flow through collateral vessels into systemic circulation is frequently found. These spontaneously created portosystemic shunts can divert flow in a hepatofugal direction even after implantation of the allograft and a consequent reduction in portal resistance, and it is referred to as the portal steal phenomenon. (13, 20) Several maneuvers have been reported to improve inadequate portal flow to the allograft. Left RV ligation, (1, 3, (8) (9) (10) (11) (12) (13) splenectomy, (9) renoportal anastomosis, (3, (14) (15) (16) (17) ligation at the root of the SV, (21, 22) and selective SRS or splenic radiologic venous embolization or stent graft closure (23, 24) increase portal flow in cases of a large SRS.
Left RV ligation is most often the suggested method for spontaneous SRS in LT. Ligation of the left RV was introduced about a decade ago to prevent a portal steal phenomenon of large spontaneous SRSs. (13) However, in the study, 9.1% of patients showed sustained and elevated serum creatinine levels after the operation even though there was satisfactory regeneration of the partial liver graft and no procedure-related permanent renal dysfunction. The authors also reported that ligation of the left RV decreased kidney size in 75% of the recipients. The authors concluded that the procedure should be limited to a lifesaving procedure. (13, 25) Anastomosis of the donor PV to the left RV (renoportal anastomosis) in deceased donor LT was first described in 2000 for 5 patients with a surgical SRS. The approach has the advantage of decreasing the complexity of the procedure without requiring splenectomy, while securing adequate portal perfusion without modifications in patients with PV thrombosis. (17) In 2005, renoportal anastomosis was introduced for the treatment of spontaneous SRS as a lifesaving and safe technique in 3 living donor LT patients. (16) However, renoportal anastomosis required an additional interposition vein graft to connect the left RV to the PV of Additionally, because the large SRS is preserved, it might be a cause of hypoperfusion of the PV. In addition, renoportal anastomosis is not good in living donor LT because it causes too much portal inflow to the graft and PV thrombosis could be removed in almost all cases by the corkscrew method as described by the Baylor team. (26) Several reports have described delayed or time-lag ligation of SRS with or without splenectomy for restoration of PV flow after LT. (26) (27) (28) In 2013, Ikegami et al. reported that obstruction of the major portomesenteric shunt including SRS is appropriate to ensure adequate graft inflow in living donor LT. (25) They suggested that the combination of obstruction of major portomesenteric shunts and splenectomy simplify and normalize PV hemodynamics, while we applied direct shunt ligation under test clamping without splenectomy. (25) Regarding splenectomy, there was an increased surgical risk and postoperative septic and immunologic complications as we know. (9, 13) Balloon-occluded retrograde transvenous obliteration is another postoperative salvage method to treat unrecognized SRS intraoperatively. (29) If an inexperienced surgeon is performing direct ligation of SRS or in case of significant multiple shunts, postoperative balloon-occluded retrograde transvenous obliteration may be a good option. However, shunt ligation during LT may be a better option because PV inflow modulation can be done if pressure in the PV is high. Postoperative balloon-occluded retrograde transvenous obliteration causes an increase of pressure in the PV, and splenic embolization may be needed later.
Although there is no definite evidence that large spontaneous SRSs should be routinely closed after reperfusion in the LT setting, a large SRS should be ligated if it causes significant portal steal. In those cases, we preferentially performed direct ligation of large SRSs without splenectomy during LT in 26 patients. On the basis of our experience, identification and isolation of large SRSs is not technically difficult or dangerous, although meticulous care is essential. Using test clamping before and after direct ligation of the SRS, we could apply partial or complete ligation without splenectomy. Even though PV pressure monitoring needed additional invasive procedures, it can be helpful for prompt ligation of the SRS with the presence of positive signs of portal hypertension. As a result, there were no major complications related to PV after the test clamping. Additional procedures, such as splenic artery ligation or other varix ligation, were helpful for prompt PV flow after ligation of large SRSs, if indicated.
There are several variables that influence PV pressure, such as size of the PV, liver parenchymal distensibility, etc. For the distensibility of liver parenchymal changes during LT, it becomes softer after hepatic artery anastomosis. Therefore, we decided whether to perform shunt ligation or not or to consider splenic artery ligation, according to the pressure changes after test clamping of the SRS. Furthermore, we optionally applied intraoperative PV pressure monitoring in case of a positive sign of portal hypertension, such as bowel edema or spotty hemorrhage in the bowel after test clamping of a large SRS. If there was prolonged postoperative ascites, we considered performing splenic artery ligation later.
In living donor LT, PV size, graft size, graft inflow and outflow, and graft quality are important, and they influence PV flow and pressure as well as a large SRS. Therefore, we have to consider it systematically, especially in living donor LT.
Sudden increased portal flow can decrease the hepatic artery flow. Modulation of the portal flow can influence the hepatic artery flow, especially in living donor LT. However, when we assessed the Doppler ultrasound that was performed before and after clamping, there was an absence of compromised hepatic artery flow in most of the cases. We experienced 1 patient who showed poor hepatic artery flow after partial ligation of the SRS in living donor LT. We ligated the splenic artery during the operation and ascertained that there was improvement in the hepatic artery flow after the splenic artery ligation. There was 1 patient with combined ligation of the SRS along with a left RV at the confluence of the SRS and the left RV because of a very long and quite tortuous SRS (Fig. 3) . This kind of event can be prevented in 3 ways, especially in quite tortuous SRSs. First, the position of the left RV is checked before the isolation of the SRS. Second, approach and isolation should be done at the level of just below the distal pancreas, which can establish a safe distance between the ligation point and the confluence of the SRS and the left RV. Lastly, intraoperative Doppler sonography is helpful for assurance of the patency of the left RV.
The present study had several limitations, especially in respect to the relatively small number of patients in the retrospective study cohort. Instead of a visual inspection for assessing the PV flow, an objective method such as a flowmeter would be a better option. There was a limited possibility for direct ligation of the SRSs. In patients with a complete occlusion of the PV and a large SRS, it is occasionally technically difficult to restore PV flow of the graft using conventional PV reconstruction techniques. (16) In that case, we have to apply another method rather than direct ligation of the SRS. However, excluding these exceptional cases, we think that a direct ligation of a large SRS without a splenectomy during LT might be feasible and useful in cases of a large SRS.
In conclusion, direct ligation of a large SRS using test clamping before and after the ligation of the SRS during LT is a safe and effective method to overcome the problem of a large SRS after LT.
